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SUMMARY

Tests were conducted in the HACA 8-foot high-speed
wind tunnel to determine the loads and the load distribdbu-
tions at high spesde for & number of windshiselds of the

- soekplt-canopy type. Drag data were obtalned simultane-
ously with the load data. Ten windshlelds of .various de-
signe similar to thcse in generdl use were included 1in
‘these teste. A new windshield designed to glve low local
loads and low drags was also tested. These windshlelds
were mounted on a DC~3 fuselage and wing model. - Pressure
diastributions were obtalned for the wing alone and for the
fuselage mounted on the wing. From the pressure data an
\Qggéysis was made of thes interference effects between a
w shield and the model. The tests were made at Mach
numbers ranging from 0.12 to 0.71, and a study of the ef-
fects of compressibility on loads and drags was thsrqby
permitted. .

Y

The load and drag data obtained in these tests are
presented. graphically. The pressure cosefflcients are pre-
sented at a wing angle cf attack of -0.67 (lif¢ coeffi-

‘clent = 0.10) for Maoch numbers ranging from 0.19 to 0.71
and at wing angles of attack tp to 6° (1lift coefficient =
0.82) for a Mach number.of 0.19. Windshield drag coeffi-
clents are plotted egainst ‘Macth number at wving angles of
attack of -0.670 and -1.569 and akainst wing angls of at-
tack at a Hach number of 0.19.. - 3 )

The results of thesé tests show that both the local
loads and the dfage vary greatly among different wind-
shields. Thé drag of a good windshield was found to be
small, only mbout 2 percent. of the dtrdg of a good ailrplane;
but the drag 'of'a dad windshield'might easlly be -ter times
&8s great. Blunt -noses and dlunt tails or sharp cornérs
transvetse to the'flow were generally found -6 be respon-
§4%le For+both high drdgs and-high local -lodds. Windshields
having high drags also had high local loads; some of the
windshields having low drags bad moderately high local
‘l6ads.. Leow 'locdal loads are favored by large flneness ratios
and’ by shapes ‘that tend to’ distribute the load uniformly
over tHe main body of thé windshield. For the bad wind-
glilelds " the drags and-for the good windshilélds the local
loads increased greatly with increade in Mach number.
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Interference from -the wing and fuselage le shown to have

an important effect on the windshleld and usually serves

to increase the loads. -Predictions of loads at high speeds
made from low-speed data may be greatly 1n error unless

the effect of toth compressibility and wing interference

1s taken into account. The new windshleld, deslgnated the
X-2 windshioeld, was found to have both low drag and low
local loads.

INTRODUCTION

The windshield or cockplt canopy .1s designed to pro-
vide hsad room, vislon, and protection to occupants of the
cockplt of a pursult or a similar typs of airplane. The
disturbance to the flow over the fuselage should, of course,
be a minimuuw. The increase in drag due to the cockplt en-
closure should be as small as possible and, Iin order that
sufficient satrength may be provided, the loads should be
small and of known magnitude and distridutloa. It 1g es~
pecially important that the high loads attained at high
speeds be known with a reasonable degree of accuracy. The
- entlre cockprit enclosure, including the nose or wlndshield
proper, the middle piece or hood, and the tall, wlll bde
referred to in this report as the "windeshileld.n

Moat of the windshleld data in exlstence up to the
time of the present investigation had been obtalned at low
speeds. Low-speed drag data had been obtained in the in-
vestligations described in references 1 and 2; whereas other
windshield investigations had been concerned mainly with
the field of view and the adaptabllity of windshields to
bad weather (references 3 and 4). Undoubtedly much low-
speed 1load data had besen obtained by manufacturers, bdut
this work 1s generally unavaillable. No high-speed load
data had been obtalned. The only high-speed windshlelgd
date avallable wsre the results reported 1n reference 5,
and that investigatlon was limlted to finding the effact
of varlous geometrical factors, such as nose shape, nose
length, tall shape, tall length, and others on the drag of
windshlelds. The fallure of several windshlelds in high-
speed dlves ssrved to emphaslze the neceasity of obtalning
information on the magnitude and distributicn of loads at
high speedr.

Thls investigation was conducted primarlly to obtain
hlgh-speed luvad data, including the effect of compressl-
bllity on loade for a number of representative windehleld
shapes. Seconilary coneiderations Included determination
of the oritical speeds of the wlndshields, measurement of
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the windshield drage for comparidon with those obtailned

" n reference "6, -'and study of. . the flow over the windshield-

fuselage~wing combination for correlation with the drag
and load data. A short discussion of the rathar large
tutual-interference effects between wing and windshield
and between the wing—fuselage combination and the wind-
gshield 1s given in an appendix.

These teets included drag and pressure measurements,
covering a speed range roughly from 100 to 500 miles per
hour on several of the windshield combinations of refer—
ence 5 and on two wlndshlelds of more advanced design.
For use in the flow and interference study, pressures
about the wing and fuselage were also measured. - This
work in conjunction wltk reference 5 gives comprehensive
dzag end load data Jrom which ditgs and ioads for most gammonly
used windshields can be reliably estimated.

APPARATUS AND HETHOD

Thies investigaticn was made in the NACA 8-foot high-—
8peed wind tunnel, which 1s descrited briefly in reference
6. The basic model on which the windshlelds were mounted
was a 1/8-scale model of the DC—3 airplane used in previous
tests (reference 5)., The inboard panel of the wing employs
the NACA 2215 section. ZFEnglne nacelles, landing gear, tall
wheel, and tall surfaces were omitted - in these tests and
the discontinuity at trhe ceblin was completely faired out so.
that drags changes relative to the drag of the basic model
might be ae large as possible.

The 11 windehields shown in figure 1 were used in this
investigation; nine of these were used 1n previous wind-
shield tests (reference 5) and are based on simple geometric
shapes. The remaining two, the. X-1 and the X-2, are of a
later and hore advanced desigan. JFor purposeg of comparison
all the windshields were designed t0 have a mmximum cross-—
sectional area of approximately 0.152 square foot. Table I
with figure 1 gives the -ordinates for the component parts
N, M, and T for the first nine windshields shown 1in flg-
ure 1. These letteres refer to the nose, middle, and tail
pleces, respectively, the combination being designated by
three numbers in the same order. .The symbol O, ag .in the
combination 4-0-3, indicates that the middle piece M has
been omitted and that - the nose piece N and the tail piece
T ©dbutt against edch-other. TFigures 2 and 3 give the ordl-
nates 'for the X-1 ard the X-2 windshields, and figure 4 shows
the X—2 mounted on the fuselage. 'Both the X-1 and the X-3
windshields are characteriszed hy .bwo basic airfoll sections;
the X-1 has straight-line elemen¥s conneoting these sections



in a transverse vertical plane and the X-2 hag straight—line
elements connecting equal percentages of chord on the two

bagic airfoil sections. The tep part of both windshlelds 1le
rounded to parabolic sections in transverse vertical planes.

The location of the windshields on.the fuselage is shown
in figure 5. Tke beginring of the tail piece came in the
same poslticen, about 39.69 inches from the nose of the Tuse—
lage for all the windshields. The windshtelds were all so
located, si.nllerly with reapect to the flow over the fuselage,
that the results are voractically comparable. The direction
of the axes of the vindshlielde coincided wita that of the
fuselaze axis, which zade an angle of ~2° with the chord of
the wing.

Fregsure orifices were installed on only one side of the
windehield, tae wing, and the fuselage. Figure 1 shows the
location of lines along which orifices were located on the
windehlelés. These llines are desliznated ty numbere that
agree with the numbers showa in tne pressure~distribution
plote presented later. No atie.pt was made to give the lo-
cation of all the individval orifices o3 tke windshields.
These locatlions can be éatermlined from the pressure plots
vhere pressure coefficients at each orifice are plotted. The
location of the orifices on the wing and fuselage is shown
in figure 6. _ .

The set-—up of the mofel in the tunnel 1s shown 1ln figure
7. Tre pressure lines were installed conmpletely inside the
model, running out of the tunnel at the wing tipe. They were
connected to & sultiple—tube manometer filled with tetrabrom-
ethane. A camera was used to record the 2iguid levels in the
manometer.

The force and the oressure data were taken simultane—
ously; the drage obtaeined therefore exactly correspond to
the pressure data. ©Since the windshield drags were small in
cemparison with the drag of the entire model, it was neces—
sary to acsure that the model drag rewnain nearly constant
between runs. In order to mlinimize any error due to fluctu—
ation of the transition polint, transition was fixed on the
model by means of 1/4—1nch transitlion strips placed at 17%—
percent chord on the upper surface and at 6—percent chord
from the leading edge on the lower surface of the wing and
in & ring around the fuselage at 12 inches from the fuselage
nose. Zxzept for the strips to fix the transition location,
tLhe surfaces of the model were maeintalned aerodynamically
gsmooth, Tre drag caused by the windshield was determirned by
taking the difference between the drag of the model wth
well-fairel windehield and a basic drag odbtalned for the
wing and fuselage alone. Two later additional basic-—drag
runsg checked well with the original.



These tests 1ncluded 1ift,.drag, piltching moment,
and pressure-distridution measurements for the wing and
fuselage alone and in comdbination with the 11 windehilelds.
The Mach number ranged from 0.12 to 0.71, corresponding to
a Reynolds number range from 1,30M,000 to 5,300,000 based
on the mean aerodynamic chord of 17.3 1lnches. Lift, drag,
and pressure measurements were made at a Mach number value
of approximetely 0.19 for a range of lLift coefficients
from approximately -0.2 to 0.8, corresponding to angles
of attack from -3,5° to 6°, The lift~coefficient range
was limited at high speeds by the .strength of the wing.
Most complete data were obtained for a 1ift coefficient

. of 0.10, .corresponding to an angle of attack of -0.67°.

PRECISION C -

Systematlic errors affecting the windshield drag and
the pressure measurements arise principally from dbuoyancy
and constriction effects. The resultes for comparative
purposes, however, are unaffected to any important degree
becauese the sizes of all configurations teeted ere prac-

"tically the same. The absolute values, on the other hand,

tend §8 be somewhat less than the values presented. These
errors are small and at a Mach number of 0.65 are belleved
to be not greater than 5 percent on the dynamlec pressure
and 4 percent or the Mach nunber. At lower speeds the
errors are much smaller. . '
Accidental errors affecting the drag results to any
important degree may.be grepent at the lowest speeds and
at the hlghest speegs after compression shock is formed.
At the lowest speeds these errors nccur because of the
diffioculty of measuring the very “ow loads and are great-
est - for the best windshleids. At the highest speeds when
compression shock is formed on the wing, these errors occur
because of the unstaeady nature of-the flow and because of
the difficulty of determining drag increments where the
slopes of the drag curves.are- extremely:. pteep, that is, in
the reglon where the drag curves are rising almost verti-

cally beyond the critical speed of the.wing.

RESULTS

In the presentation and the analyees Qf the results

' éf_this investigation the following symbols are,used:

P, static pressure 1n air streanm
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P, local static pressure on model surface
mass denslty of air streanm

Y t?ue alr-stream velocity

aQ dynamic pressure (1/2pVv23)

a spsed o1l sound in alr stream

M Mach number (V/a)

Mor Mach number corresponding to attalnment of locall
speed of sound

P - Ppressure coefficient-( El—i—£g>

Py low-speed pressure coefficlent

Per pressure coefflclent corresponding to attainment of
local speed o°f sound

drag coefficlent of model based on wing area
Cy, 11ft coefficilent

Gmc/4 pltching-moment coefflicient at quarter chord
a angle of attack of wing

AD,, difference between drag of model with and without
windshield at same angle of attack and Mach

number
Py maximum cross~sectional area of vind{?ield
CDpy drag coefficient of windshield (%—%’/’
AV velocity increment or induced velocity
AY/V velocity-increment coefficient
v local veloeity (V + AV)
Y ratio of specific heats cp/cv for air

The mathod of determining the dynamic pressure gq,
the Mach number M, and the Reynolds number are described
in reference 7. The symbols Cr» GD, and cmc/‘ repre-



sent the usval nondimensional coefficlents wilth the pitch-
ing momeat taken about the quarter-chord point. Pressure
"soefficients were cal¥culated from the.photographlc records
of the pressure differences and the dynamlc pressuresr
measured on the multiple-tube manoneter.

The presented data are piotted against the predomi-
nating parameter, the Mach number. The Reynoldse numbers
are shown for the corresponding Mach numbers of these
tests in figure 8. Pigure 9 skows the 1lif% coefficient
‘of tkhe model plotted agairst argle of attack o of the
wing and figure 10, ths 1Lift coefficient against Mach
number. The data presented herein apply only to smooth
windshields mounted in the particular location relative

to the particular wing and fuselage used ln these tests
and in ?he absence of propeller slipsiream. 1In the ap-

plication of the data to design probleme, therefore, de-
partures from these conditions should be kept in mind.

The windshlield drag coefficlents GDF for the 11
W

#indshields are plotted agalnst angie of attack a of
the winé for M = O.%93 in figure 11 end against M for
.a = -0.679 and -1.55° in figure 12. The windshleld forms
corresponding to the various drag curves are indicated
on the figures. These curves show drags generally in-
creafdlng with angle of attack and with Mach number. The
draeg valiues dlverge widely among diffarent windshields.
The reasons for these veriations will presently be dis-
cussed ln detall.

Th> effoct of dlffexzent types of wlndshleld on the

momernt 18 shaowrn 1iIn flaxure 13 where Gmc/4 for three

different windshieids ard for the model without wind-

shield is shown_plotted against M. The windskields 1n-
crease the absolute value of the pltching-moment coeffl-

clent, whieh 1s negative. The effect 1s small at low
speeds but increases with Mach number. It 1s evidently
due to the fact that higher negei.ive pressgures act over
the windshleld then exist on the fuselage ln this reglon
without the windshield. The pressures add & negative
moment.- much greater than the poslitive moment produced

by the drag. With the three windshields shown, the piltch-
ing-moment coefficlents are about the same up to a Mach
number of 0.60. For Mach numbere greater than 0.60 the
..773-4 windghield, which has the highest drag and also the
highest negative pressure peak, also gives ‘the greatest
increase in negatlive moment. The change 1in moment for
any glven windshileld installation evidently must depend
on 1ts position. ’

The pressure-distribution data for the 11 windshlelds



are presented as pressure coefficlent P plotted against distance
in inokos, measured a.lonﬁ the lcngltudinel axis, firaom the foremost
point of the windshield.” Figures 1% to 24 give pressure distribu~
tions at o = -0.67° for six values of M from 0.197 to 0.710.
The approximats locations of the orifice lines on the models and
ths synbols representing them are shown on the plot. In order to
avold confusion, only poirts-in the orifice line having the highest
negatlive pressure coefficient are comnected. The peak negative
pressures are seen to be widely different for dlfferent windshields;
in most ceses, they lncreese rapldly with Mach numbher. The pressure
coefficlents corresponding to the attalmment of the local speed of
sound are indicated as P,p. Pressure ocefficlents for several

angles of attack up to 6° are plotted for eight windshlelds in .
flgures 25 to 32, These data were taken at a Magh nmumber of approxi-
mately 0.192, except in the case of the 10-1-2 windshield for which
the Mach number is 0.339. A separate plot is shown for every orifice
line, the symbols in this case 1ndicating the wing angle of attack.
As might heve been expected, negative pressures lnoreese with
increase in angle of attack, an offect due at least partly to wing
interference, as shown in the appendix. The peak negative pressure
coeffiolents for the 11 windshlelds are shown plotted against M

in figure 33. The point at which the peak negative-pressure curve
intersects the curve marked P,,, determines the critical Mach
number M,y of the windshield in combination with the wing and

the fuselage. The orltical speeds are evidently considerebly dif-
ferent for different windshields. The windshield pressure data

are discussed 1n detall in the sectlion of this report on loads.

- DISCUSSION

Dreg.~ From figures 11 and 12 the drag coefficient of a

good windshleld, based on the cross—sectlonal area, ls seen to .
be about 0.035. For a usual ratio of windshield oross-sectiomnal
area to wing area, this value corresponds to about 2 percent of
the drag of a good alrplane., The drag of a bad windshield may
be 10 times this value or 20 percent of the.alrplane drag. -

In order to galn same idea of the approximate magnitude of the
drag that should be expected on a windshield, a rough estimate was
made of the skin-friction dreg that was added when the 2-0-3 windshield
was installed. This estimate showed & windshield drag coefficient of
0.026 for wholly turbulent flow or 0.020 with laminar flow over

*In figures 1k to 32 the distance scale was originally intended
to apply to the sketch of the windshield ‘as well as to the pressure
distribution, The windshields are drawn to this distance scale and
therefore should be shifted. 8o that the nose of the windshield :ls
placed at zero.
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the forward 18 percent of the windshield. It 1s avident
that measured drags substantlally higher than these values

" must havé been largsly pressure drag, such as- would-be

obtalned with flow separation. Severe separatlon Bhould,
in fact, be exvected for forme such as the 6-1-2, the
9-1-2, the 7-3-4, and the 8-4-5 windshieids, which'have
short- noses terminating at sharp corners transverse to
the flow. Figures 18, 19, 21, and 22 show that these
windshlelds have high, shaerp negative pressure peaks Just
back of the corners. These peaks are followed by large
positive pressure gredlents conducive to separation of
the flow. ©For the 10-1-2 windshleld the eeparation ils
less severe because the nose is longer and less dlunt;
but at high Mach numbets, because of the Bteapening of
the pressure gradients (fig. the separation becomes
pronounced. he 3-1-1 win ehie d has a iong nose with-
out, the sharp edge, but it has too short aad too blunt a
a tail. TFigure 16 shows the resulting rear pressure peak
and the followling steep positlve pressure gradienmt. The
flow separates in this reglon because the kinetlc energy
in this boundary-—-layer air is Insufficient to overcome
the gradlent. The separation reglion 1s smaller, however,
and the consequent drag increase less than for those
windshields for which the flow separates near the nose.
The effect of increase in angle of attack is somewhat
ginilar to that of increase in Mach number 1in increasigg
geparation.. (See fig. 1l.) Thie increased separation
occurs because, as seen- ln figures 25 to 32, the pressure
gradiente increase wlth angle of sttack, though at least
part of the effect is probadbly 4. . to interference from
the wing. (See the appendix.

A glance at figure 12(a) in .conjunction with fig-
ures 1, 2, and 3 will show that the windshields having

‘low drag are characterized by long noses and, especielly,

long tails and by, the absence of sharp corners transverse
to.the flow. Reference 5 showa that the radius of curva-
ture of the 'surface on the shoulder. betveen ‘the hose and
middle pieces of a windshield should be not leee than .

one-fourth of the windshield height. riguree 14 15, 17,
23, and ‘24 show.further that these windehielde ‘are char-
acterized by the absence of high, sharp regative pressure

.peaks and by low poeitive pressurec gradlients.over the

tall. 0f the windshields represented In"figure 11, the

- same onee._except for the 4-0-3, show: low drag throughout

thé angle-~of-attack range thet show'low drag at .a = -0.679,
The bad.windshlelds become woree as the'angle of attack

is increased. For the 4-0-3 windshield at-.the highest
angle, 60, some separation has probably developed around
the tail in the windshield-fuselage Jjuncture. .

The effect of compressibility is to increase the
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drags, particularly of the windshields having high drag
already, because for these windshlelds the flow 18 sep-
arated and compressibllity increases the severity of .
separation; and becaunse also, except -for the 3-1-1 wind-
shield tkhey have hlgh. peak negatlive pressures and there-
fore low critical speeds. A comparison of figure 12(a)’
with filgure 33 showe, however, that as the Mach nunfber
is increased large incresses in drag occur before tke
critical speed 1s reached, lndication belng thus glven
that the increased severity .of separation may be the
primary cavee of the Adrag increase.

An interestlng case parallel to a condition that
has sometimes beenrn found for wings 1s that of the 10-1-2
windshield. Up to a Mach number of adout 0,50 this wind-
shleld shows & low dragz, indicating little .separation;
but at this Mach aumber, which 1s far below the critical
value indicated in figure 33, the drag suddenly beglns
to lncrease. The probable explanatlon 1s that even at
low speeda the flow is on the verge of separating Jjust
back of the nose. Only the increase 1ln pressure gradlent
produced by increase in Mach number 1s required to induce
complete separation with consequent large increase in

drag.

Seperaticn may be expected to reduce the peak nega-
tive pressures and, therefore, to increase the critical
speed as indicated for the bad w’ idshields, 7-3-4, 9-1-2,
8-4-5, 6-1-2, 10-1-2, and 3~1-1 in figure 33, where it
is seen that for three of the windshields having the
highest drags the peak negative pressures actually de-
crease with Mach number, but the drag of the bad wind-
shields 1s already so high that in respect to drag the
critical speed has little meaning.

For the five good windshields, the 3-1-2, the 2-0-3,
the 4-0-3, the X-1, and the X-2, the negative. pressure
peaks increase very rapldly with Mach number, but even

ith the int rence (see appendix) the critical Mach
gumberaeofntggf%e:% of(thesepgre well above = 8.70.

which is as high as that of any wing with which they are
likely to be used. The turning up of the drag curves
around M = C.65 does not indicate the critical epeeds

of these windshields, and this drag increase 1is prob-
ably not due to any charescteristic of the windshields
themselves. Instead, it 1s probably due to interference
of the windshield on the wing, whereby the aprarent crit-
jcal speed of the wing is shifted to a lower stream Mach
number. The sharp increase in wing drag that occurs at
the critical speed then comes at a lower stream Mach num-
ber with the windshield ln place than without and, when
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~ the two corresponding drag curves are compared at ‘equal
-atream Mach numbers, the difference in drag above the
wing critical Mach number. ‘about 0.61 with fuselages, may
be very great. As is pointed out.in the appendix, the .
windshield interference will affect the wing over only a
limited region; but, if only half of the sstimated pos-
sible 2-percent lowering of the apparent eritical- qpedd
is agsumed, the effect, even 1f operative over onlyam -
small portion of the wing. 3 quite sufficient to sxplain
the observed turning up of the windshield drag curves.’
Because of the eteepneee of the drag curves in this regilonm,
& simllar effect, operating either to reduce or to increase
the apparent windehield drag coefficient, may be produced
by any small prror in determining the stream Mach number.
The. general unreliebility of the drag.curves above the.
wing eéritical espeed alryeady has h.éen commented -ipdon. Ac-
tually, the real .drmg of the winushield is better indi-
cated by {hé values for Mach numbers beldw the wing cdrit-
ical speed, and "the ecritical speed of theé- windshield i%-
self, as well as the speed at which the drag of the wind-
ehield itself may rise rapidly, 1s given in better approx-
imation as the speed &t which the curve of peak negative
pressure against Mach nunber 1ntereecte the critical-
pressure curve.

Loads .~ Flgures 14 to 32 show. that the local loads
on different windshields varled greatly and in certailn:
cases were extremely high. The loads on the side, closer
to the fuselage and wing, wBre generelly glightly ‘higher
than those on the top. A, ceneideretion of the interfer-
ence (see the appendix) indicates.that thig:resnlt might
be expected. ' Althongh the ectuel.mngnitude of the loads
was inflnenced by interference. .relztive values were:
probably- little affeqted chauee the interference mist-
have beeh:the ‘same for difﬁerenf tests .and alao -did- not:
vary much ‘aléng the' tiﬂdéhield length. . As-might have '
been expectdd, both ffom & coneideretion .of the -windshleld
shapes .and of the’ interferen*e etfect. the loads 'incredsed
vith angle of etteck (fige. 25. to 3&)

The preesure—distribution curves fell generally 1nto'
three classes: distributions with a single peak -as 1llus-
trated by the 2~0-3 windshield (fig. 14), distridbutions
with two peaks as the 3-1-1 windshield in figure 16, and
approximately flat distributions as ghown in. figures. 15
. and 24 for the 4-0-3 and the X-2. windshields, respective-~
ly. In general, where stream static pressure inside the
windshield was aeeumad the forces pore such as to tend
to pull the cenopy off end to pueh the nose, 1n._“-

~ PR
A
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Examination of figures 14 to 24 shows that the wind-
shlelds having high local loads are characterized by short
noses, short talls, or sharp corners. The highest peak
negative pressures occurred behind sharp corners trans-
verse to the flow. Other factors that tend to increase.
loads are interference, compressibility (to be discussed
presently), and low filneness ratio. The effects of 1n-
terference and low finenees ratio are similar in that
both tend to produce higher total loads but only small
cheanges in the distribution. Thus, in order to avoild
high total loads, the interferencs should be made small,
as by using a thin wing, aand as thin a windshield should
be used as is consisteat with space requirements. In
addition, local loads may be reducéd by using well-
rounded shapee similar to the 2-0~3 and the X-1 wind-
shlelds (figs. 14 and 23) and, finelly, by —using better
forms desligned for approximately flat pressure distridbu-
ticns, such as the 4-0~3 and the X-2 windshields (figs.
15 and 24). Tke possibility of taking advantage of fa-
vorable interference is discussed in the appendix.

The relation hetween large posltive pressure gradi-
ents and separation, with consequent large drag increase,
already hae been pointed out. Because these large posil-
tive pressure gradlients followed high negative pressure
peaks, the windshields having high drag also had high
local loads (figs. 12, 16, 18 to 22). If separation does
not occur, the drag will ba low even ‘1f the negative
pressure peaks are hlgh, though possibly not so low as
though the negatlive pressures were better distriduted.
This condlition existed for the 2-0-3 and X-1 windshields
(figs. 14 and 23), which had moderately high negative
pressure peaks but low drags. If for the high-drag .
windshields the flow had followe” the surface lnstead of
separatihg from it, the drag would have been greatly
decreased, but the local loads would have been much
higher. Thus, separation, .which causes the high drags,
terds to reduce the local loads. The effect of separa-
tion at the sharp corners is to cause the flow to follow
a path having a large radiuvs of curvature. The curvature
here largely determines the negative-pressure coefficient.
If the sharp corner is replaced by a small radius of
curvature, the peak negative-pressure coefficlent will
not be much affected until a radius equal to that fol-
lowed by the separated flow is reached; consequeantly,
for equal changes in flow direction, the peak should bde,
up to a moderate value of tae radius of curvature at the
surface, not much different from those measured. 'In
reference 6 it was found that conslderable drag Increases
occurred with radii of curvature less than adbout 25 per-
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cent of the windshlield hejight. This result indicates
separakion, .and 1t may therefore be deduced that this
value is approximately the corner radius below-which -the
pressure deta obtalned for the windehields having sharp
edges apply. Radil of curvature larger than this value
are probably needed to reduce the local loads.

The two windshlelds havirg the lowest peak negative
pressures also showed low drags (figs. 12, 15, and 24).
Thig result may not always be the case, because a wind-
shleld having too blunt a tall a»3, therefore, high
drags might also have fairly low Loads.

The effect of compressibility on the loads may be
seen from flgures 14 %o 24. 1In every case for which
separaiion (as indicated by high drag) did not occur,
the negative-pressure coefficients increased markedly
and continuomsly with Mach number. The peaks increased
more rapidly tken the general pressures, thereby in-
creasing the concentrated loads, a circumstance favoradle
to local failure. The irncrease amounted to a&s much as
100 percent between M = 0.20 and M = 0.70. 1In csases
for which separation occurred, the peaks did not always
increase with Mach number, but they broadened out and
the general negative pressures increcased with the result
that the total loade were increased. The effect of com-
pressibility in increasing the pressure gradients, thus
inducing separation with consequent drag increase, has
already been discussed.

At speeds above the critical value (ecrticial pres-
sure coefficient indicated by Pcr). the peaks show a
general broadenling, ususally accompanied by an licrease
in peak negative-pressure coefflclent, as expected from
two-dimensional investigations. (See figs. 14, 18 to
22.) This result means that, as the Mach number is in-
creased beyond the criticel value, -2 considerable in-
crease in loads - both local and total - occurs.

The increase in peak negativ pressure with Mach
number, shown in figure 33, was .ore rapid for the wind-
shields for which separation did not occur. Part of
this 1lncrease was due, as shown in the appendix, to in-
terfereéhce from the wing and fuselage. The increase was

much more rapid than that given by the factor 1/A/1 - M3.
This fact should be kept .in mind when attempting to esti-
mate loads at high speeds from 'low~speed data. Theo crit-
ical speed was not attained in these tests for those
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.windahlaldS"having-the-ioweat_peak rmegative pressures
{figs. 15,-17, and 24), ard the effect of compressibility
oa these windshields waz leas. At -higher Mach numbers
theses windshields would Probably show the same effects

that the other windshields showed at ths Mach b
theée tests. - . - Y e M c. num ers.of

Xeslegn considerations.~ The designer will be con-
frooted with a number of consiierations in designing a
virdghield that meeis the tse requirements and is, at the
s&me tlme, aerodynamically permissibdle. One of the im-
portant considerations 1s strength. From the results of
these tests, it is apparert that local locds vary greatly
among 4iffereat windshields ani that these loads increase
raplidly with speed, high Zocsl loads increasing more
rapidly than low losal loada. These ioads*ani their in-
crease with Mach nunber muet be allowed for in design,
particularly i: the airplare is to be used in & dive
vhere the windshield, the wing, or botk may be operating
at supercritical speed. ’ .

Requirerents of viglon may -dictate elther a flat
region near the nose of the windskrield or .single-curve
surfaces. .The .pressure resulis of -these tests indicate
that it should be possible to provide & small flat regiom
at or very. nsar .tke noee of the.wilindshield without dele-
terious effects, but 1if the flat region is too large or
is placed back in the higa-veloeity region, the local
loads pay be greatly increased and separation with conse-
quent “high drag may result. Windshieids witk single-
curve surfaces may be designed with no sacrifice in per-
formance. : ) . T .

Another design consideratidn is ease of toenstruction.
The results-of thege tests:indic-.ie that simple, easily
designed forme are quite as sat.sfactory both for low -
drag and for low loads as more complicated shapes.' Flat
plates, howaver, cen find oniy limited use in a good
windshield. TLhey may possibly te used orn the side or on
the tail where the designed surface may be approximately
flat already; ard srall flat plates may be used very
close to the noseé. ' Otherwise they ara lilkely ‘to cause
increased local loads and high drage. The use of a de-
slgn with single~curve surfacés. saould simplify the con-
struction-of the framework.and .Its glass or metal cover-~
ing. BRetaining strips tranasverse to the air flow increase,
the drag (ses reference 5) and may caude separatlon 1f
placed near ® negdative. pressure pedk. They should thexne-
fore be avoided, and the surface of tke windshield should
be made smooth. If retalning strips 'muat be used, they
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should, where possible, run in & direction parallel to
4he alr _flow and, in any case, they should be as thin as
is consistent with strength’ rsquirsmsnts snd--as volL —-
faired as possible.

‘Satisfactory shapos may be dssignsd ‘by use of the
shape characterigtice of the fivo 1ov—irag, Iow-load
windshields, 2-0-3, 4-0-3; 3-1-3, X-1, X-2, prolontod in
this report. - (Sed 'fig. 1.) Thess chsrsgtérisﬂics.
vhich ‘alrédldy -havé been discussed, are: large flireness
ratio, long noses and long tails, and, except at .the.nose

“and tail,' well-rounded surfaces with no ‘sharp cornsrs or
" amall radii of -curvature. The 2-0-3, the’ 4-0-3, ‘and the

3-1~2 windshields have double-curve surfaces ‘and maf

‘ therefore ‘offer some difficulty in ccrnstruction,.” The
.« -.X=1l.windshield has single-curve surfaces except for the
-- top ‘and -should ‘therefore be 'easy to build. - The shape'

characteristics of the X-2 windshield vill prcsently be

-vdisousssd in detsii.

A modification of the X-1 and X- 2 vindshields that

-.is~permissiblo and probabdly desirable 15 the rounding of

the nose. A very small redius may also’ bde’ glven the tail
without affecting -the performance. Unless the stieam:

- flow is paraliel to the axis of the windghield, the sharp

nose on the X-1 and X-2 windshields may cause burbling
with consequent drag iacrease, though for small angles of

"the flow the increase may be small.- If' the nose is round-
‘ed off to a emall -raedius, 1t will be"léss- sensiﬁive to

angularity of the flow.

If a windshield ig desired having low peak negative
pressures, that is, low peak loacs and very high critical
speed, particular attention must be paid to the shape.
The 4-0~3 windshield is seen from figure 33 to meet this
requirement reasonably well, althpugh, as has already
been ‘pointed out, this windshield may be more difficult
to construct than a windeshield with sing1 é-curve surfades.
A-new windshield, designatéd here the X-2 windshield, was
designed to be constructod nearly similar to the.X-l wind-
shisld bdut with & negative pressure peak as low as that
of the 4-0-3 and with drag as low as that of the X-1 wind-
shield. Tlese cbjectives were attempted in two ways:,
first by increasing the fineness ratio nearly. to_that of
the 4-0-3 windshield, and second by modifying the form to
glve an approximately flat pregsure distribution over the
middle forward part of the windshield. .An attempt was
made to insure that the positive pressure gradient over
the tall should be not greater than that over the tail of
the X-1 windshield. The ordinates for this windshield
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and the manner of its constructlion have already been
given. TUnfortunately, the windehleld was not construct-
ed accurately according to these ordinates. The most
important divergence was a fullness in the nose amount-
ing to as much as 0.09 inch at the B-B plane (see fig.
3) Just forward of the front negative -pressure peak.

. The main objectives soughthave, nevertheless, been
attalned, as shown in figures 12, 24, and 33. Except for
the unreliable upper and lower parts of the drag curve,
explained previously, the drag is about the same as that
of the X~1 windshleld. Tigure 24 shows that the pressure
distribution is almcst flat over the main forward part of
the windshield; whereas & compariscn with figure 23 showe
that the pressure gradient 1s slightly less than that over
the tail of the X-1 windshield, Figure 33 shows that the
peak negatlve pressures on the new windshield were less
than those on the 4-0-3 windshield and less than those of
any of the other windshields tested. The peak negative
pressure would probebly have beer somewhat lower if the
windshield -had been buillt accurauely according to the or-
dinates given.

The X-2 windshield is considered to meet the require-"
ment.for a windshield having low locel locads, high criti-
cal speed, and low drag, At the same time it should be
ressonably eaey to construct.

CONCLUSIONS

The pressure and drag results presented hereln are
strictly applicable .only to the windshields 1in combina-
tion with the particular wing and fuselage used in these
tests. They apply to windshields of the cockpit-canopy
type as used on pursuit or similar types of alrplane.

From the data obtained in the tests, the following
conclusions were drawn:

l. The drag of a good wirdshield was found to be
about 2 percent of the drag of e good airplane; the drag
of & bad windshield might easily be 20 percent of the
airplane drag. .

2. The good windshields were characterized by long
noses and talls and by the absence of sharp corners trans-
verse to the ' flow.
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3. The effect of compreeslbility within the range of

..Mach nunbers of these tests was to 1ncreaso greatly the

drag of dbad vindshields._”'“* e e

4. Those windshields having high drags were also
characferized by high local loads; some of those having
low drags had moderately nigh local loads. The local

. loads varled greatly between different windshlelds.

. 5. Thogse windshields ‘having 1ow-1ocﬁi loads were

-" .characteriged by long noses and teil and by the absence

1

-of .sharp corners transverse to. the flow._ In addition,
the shapes of these windshields were such &8 to tend to
distridute ‘the load uniformly over the main boay of the

windahiqld.

6. The 1ocal loads on all windshields not having
excesslvely high drags were found to increase markedly
with increase in Mach number.

-.: . 7..Interferenco from the wing and fuselage was found

to have an- important effect on the loadsd over a windshield.
For .the position of the windshield relative to the wing
and fuselage as represented by these tests;, the effect of
interference was .to increase the losds. .

8. By the design of a new windshield, ~the X-2, re-
duction in both drag and local loads was found-possibdle.

Langléy Memorial Aaronautical Lnboratory.
Natlonal Advisory Committee for Aaranautics.
Langley Fileld, Va. : .
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APPENDIX

THE INFLUENCE OF VING AND FUSELAGE INTERFEREKCE
ON THE PRESSURES ACTING ON A WINDSHIELD

In any analysis of flow about windshields the effect
of interference must be considered. Both loads and drags
are dependent on the interference velocities due to the
wing, the fuselage, and ary other bcdies near the wind-
shield. Application of tke results of these tests willl
depend on the interference experienced by the windshleld
on the alrplane as compared with the interferernce due to
the wing and fuseiage on which the simillar windshield was
tested. - ) .

An estimate of the interfer-ice experlienced in these
tests and an example of the effect of this interference
on the loads over one of the windshields testud will serve
to show hew the interference velocities ‘for any combina-
tion may be approximately determined and, at the same
time, will indicete the magniitdice of the interference
effeétas on the results presented iIn this report.

The general nature of the Iinterference to be expect-
ed may be seen from figure 34, whiczch showe the relative
poeltions of the windehield, the wing, and the fuselage
and their respective surface pressure distributions. As
negetive pressure coefficlents correspond. to positive
veloclty increments AV, it may be immediately deduced
that the fleld of the wing and fuselagae, extending out-~
vard, will produce at the position of the windshield,
without the windshield 1n place, veloclties v greater
than the stream velocity. These induced velocities de-
crease with distance from the surface and follow a curve
somewvhat resemdling an exponential damping curve. Thus,
the closer the windshkield is to the wing and fuselage,
the greater is the effect of interference. The wind-
shield 1s closer to the fuselage than to the wing, bdut
the velocitlies over the wing are much greater and, as a
result, the effect of the wing may be as great as or
greater than that of the fuselage, particularly at high
speeds, because of the extension of the field with Mach
number.

In the quantitative discuss .on of interference, 1t
is convenient to consider the velocity-increment coeffi-
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clents AV/v &and thé resultant valocity coefficients

v/¥. The resultant velocity v 1s obtained by the vec-
tor addition of the velocity increment -AY to the.stream.
vaeloclty V or to the velocity-otherwise existing at

the point, dut for small values of AV ‘and for usual
positions of the windshleld, a sufficliently gocd approx-
imation may be obiained by adding these quantities arith-
metically. The velocity increment v/v may be obtained
according to Bernoulli's equation from the pressure coef-
ficlent P by the relation

: - -1
¥ . o2 (1 x z\ g
7 .d/ll T L\‘ + L2 7Y 1J

or at low speeda by the 1ncompressiblorflow relation

Before the affect of interfererce due to the wing
and fuselage can be gquantitatively estimated, the velocl-
ty increments due to these bovdjies must be determined.
Velocity contpurs, that is, lines of equal value of v/V
for a portion of the fileld of the FACA 2215 airfoll at
a = -0.67°, have been determined by the method of refer-
ence 8 and are given in figure 35. It may be remarked
that the veloclty field as muckh &8s one ckord length from
the surface will be nearly the same for other wings of
the same thickness ratio and at the pame 1lift coefflcient
as for this one. Thus, the interference on a body locat-
ed as much as a chord length away from a wing could be
obtained to & sufficlently good approximatlion from the
field of a Joukowskl airfoll of the same thickness ratio
and with the same 1ift coefficient, the Joukowskl airfoil
having the advantage of being mathematically tractabdle.
Closer ta the wing the velocitlies dre more and more in-
fluenced by the particular profile form. - .

As seen in figure 35, the veloclity coefficlient falls
off rapldly with dilstance from the surface. If a line
through the point on the surface corresponding to peak
velocity 1s drawn parallel to the .chord. line, . the decay
of peak velocity with distance perpendicular to this line
is aBs shown in figure 36 for ﬁP= 0. About the same decay
curve was found theorstically for the 1ll.9-percent-thick
symmetrical Joukowskl airfoil at 0° and 4° Angle of attack
and experimentally for the 18.8-percent-thick airfoil at
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Cp, = 1.6 given in reference 9. Mdmmis probably not
muoch different for any other eirfoll of approximately similar -
shape. . :

* fThe compressibility effect on the field shown in figure 35
mey be obtained by increasing the distances from the wing chord

for all points op the velocity contours in the ratio 1/ |1 — ”.
(referentes 10 and 11). The corre values of the velocity—

increment coeffioclent (2L = ¥ —~ 1 | may then be incremsed in the

samo ratio to obtain the%ontgur plot for any given Mach number
(reference 10). The compressibility effect was applied in
figure 36 for M = 0.40, 0.60, 0.70, and 0.80 by shifting all
points on the curve for M= O to the right in the ratio of

absciseas 1/ \/1 - M,

The pressures measured on the fuselage are subJect to inter—
ference from the wing and consequently cannot be directly used for
the estimation of fuselage interference. Approximate interference
velocities may be obtained by replacing the body by 1ts equivalent
prolate spheroid, d&s shown in figure-37. The peak veloclty—

- increment coefficients AV/V are 0.21, 0.12, 0,08, and 0,03

for- prolate spheroids of fineness ratios 2, 3, 4, and 8, respectively.
Figure 37 gives the corresponding decay curves., The extension of

the field with Mach number is glven only for the fineness ratio 4.

In the absence of any rigorocus theory conoerning the effect of
compressibility on the veloclity field about a body of revolution,

the same compressibility effect wlll be assumed for the fuselage

as 1s used for the wing.

The veloclty-increment coefficients at the surface of the
fuselage without the wing interference were actually obtained,
however, by deducting the velocity cocefficients in the field of
the wing (fig. 35) at the positions of the fuselage orifices
from the corresponding velocity coefficients determined from the
pressures measured at these orifices. The velocity coeffItients
from the measured pressures and the estimated wing lnterference
from figure 35 for the top and side orifice lines on the fusgelage
ere shown in figure 38. The difference, shown as the velocity—
increment coefficient AV/V, 48 less for the top than for the
gside meridian. This result may be partly due to overcorrection,
but the velocity over the top should be scmewhat smaller because
the fuselage 1s more nearly flat at the top. Also, the dlp
in the curves 1s expected because of the near flatness of
the fuselage 1n this region. The decay curves of figure
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37 may be applied to the AV/V values of figure 38 for
estimating the interference veloclties off the surface.
The perticular:decay curve corresponding to the fineness
ratio of tke prolate '‘spheroid that can be most nearity-
fitted to the fuselage should be used.

As an example, the interference effects with the X-1
windshield have besn estimated. Since the velocitles are
highest at orifice line 4, the veloclty coefficients at
this line will be reduced to the approximate values char-
acteristic of the windehield elone, that 18, no interfer-.
eace. The location of the windshield with orifice-line 4
is given 1n figure 35, from which the corresponding inter-
fererce velocitlies from the wing at low speed can be ob-
talned. TFor the fuselage interference, the diameter of °
the fuselage 1is 12 inches and tho length of the egquivalent
prolate spheroid about 75 inches. and the fineness ratio
therefore adbout 6. Windshield or-ifice line 4 is about 2
inches or about 0,17 the fuselage diameter from the sur-
face of the fuselage. Thug, by interpolation for a fine-

ness ratio of 6 . 1in figure 37, the AV AV .y Tatio at 0.17

the diameter from the surface is about 0.60. By multi-
Plying the velocity ratio AV/V at the top meridian (fig.
38) by 0.80, the velocity-increment coefficients due to
the fuselage interference at windishield orifice line 4
may be determined. The interference velocitles

f 1+-Aljfare shcwn with the velocity distribution on
the windshield in figure 39. The total interference ve-
locity, shown in the same figure, is obtaineld by adding
to unity the increments due to the wing and to the fuse-

lage,
7 AV
V /jwing ( fuselage

Curve A, which shows the windshield velocity distridution
with the interference removed, was obtained by dividing
the windshield velocity ratios given 1in the top curve by
the correspording velocity ratios v/V taken from the
curve showing total interference.

Total interference~velocity coefficlent = 1

Figure 40 shows somewhat the same effects, complicat-

ed, however, by compressibility. The wing interferences.
-~ was obtained by increasing .the distances rerpendicular to
the wing of all pointe on the velocity eontours of figdre

35 in the ratio 1/./1 - M® and increasing all AV/V
values by the factor 1//1 - %, +thus changing both the
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position and the values of the velocity contours. - The
fuselage lnterference. wvas obtained dy increastng the

AV/Y values of figure 38 in the ratio: 1/«/1 - H5
interpolating among the decay curves of figure 37 for a
fineness ratio of 6 and Mach number 0.688 at 0.17 the
diameter from the surface. The total interference was
obteined ds8 before by adding the wing and fuselage
induced velocity coefficients. ' The windshileld "velocity
coefflcients could then heve been corrécted as 1n$igum-39,
but actually the rcvorsc procoss was applied. "Because of the
interference the windshield is srbjiect to a Mach number’
approximately equal to the product of the interference
velocity .v/7 with the '‘stream Mach number, which-in -~
thie cdage is 0.683. The interference Mach numbdbers are
glven on the total—interference curve of figure 40.

Curve A, from figure 39, was then raised dy multiplica-
tion of the velocity increment eoefficients

(ﬁg = % - 1) with I/J 1 - M2, uaing the local Mach

numbere shown. Tae resulting curve was raised again by
multiplicatior with the interference velocities 'v/V to
give a curve of the final estimated velocity on the wind-
shleld. The proxinmity of this curve to the curve of ve-
locities obtained from the pressure measurements 1s an
indication of the validlty of ‘the assumptions conceraning:
the effect of compreseibility on interference. Figure 40
shows that the lnterfererce effect may become very great
at high speeds. t 8t1ll hlgher speeds, above the eriti-
cal speed of the wing, the effect 1s still greater; dut
since at speeds above.the. critical the . Mach number ef-
fect, either on the interference or on the velocities
without interference, s quantitatively unknown, it can-
not be estimated with any degree of accuracy.

As & check on the approxirate correctness of .the
estimated interference effect, the velocity .coefficients-
for the 4-0-3 windshield .were adJusted as for.the X-1
windshlelds.. This windehield is approximately ene-~hbalf
the 111 body of revolution cut elong the longitudinal
axis (reference 12), and the calc :lated veloclity distri-
bution for this body 1s glven along .with that of the:
measured and adjusted distributions for the 4-0-3 wind-
shield in figure 41. Although the shape of the wimdshield
velocity-distribution curve departs. congiderably from “the
theoretical shape for the 111 body,. the fact that the ad-
Justed curve falls near .the theoretical indicates that
the estimated interference was approximately equal to the
interference actually experienced, .
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The effect of interference on loade has not been spe-—

- cifdically giwven in. this example since 1t was convenient to¢

diecuss velocltles rather than pressures,'%at tHe” pressure
coefficients may easily te obtained from the velocity coef-
ficlents either at low speeds by the incompresaihle flovw

ralation‘
v\3
Poe ()
or at high speeds by

A  ORNAaE

M2 vu2

where for air Y 1is avproxinmately 1.4. The pressure coef-
ficlents P are roughly double the velocity—increment

coefficients ( AT _ ¥ _ 1\

v v J
The windehleld drag results are not consldered suffi-
ciently accurate to Justify the quantitative estimation of
interference effects, but an approximate value of the wind—
shleld drag coefficient referred to the increased veloclity
fleld due to the interference veloclties nay be obtained dy
dividing the vwirdshield drag coefficient GDFw by the

squere of the interference velocity coefficient +/V. Thus,
1f the interference velocity coefficient is 1.05 (as shown
in fig. 39), the windshleld drag coefficlent is reduced by
about 10 percent. That 1s, the drag coefficient given is
about 10 percent greater than would have been obtained 1if
the interference velocitlies had been zero.

The interference effect of the X-1 windshield on
the model will now be considered. The drag and negative
pressure coefficlents on the wing and fuselage, except
for the part of the fuselage covered by the windshield,
are generally slightly increased by interference veloci-
tles due to the windshield, but the most important effect
1s the lowering of the critical speed of the wing. The
interference velocities in the fileld of the windshileld
can be found in the same way ag for the fugelage. If
the thickness of the X—1 windshield is taken to be 6
inches and the fineness ratioc of the equivalent prolate
spherold to be 3, a peak surface veloclty coefficient of
1.26 being assumed (fig. 40), the velocity off the sur-
face may be estimated from figure 37. The distance from
the surface of the wing to windshleld orifice line 4 is
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1s about 12.4 .inches or slightly. over two windshield diam-
eters. From figure 37. the corresponding AV/AVpay value

for M = 0.688 was found to be 0.085. The velocity-
increment coefficient 0.26 was multiplied by this value

to obtain 0.022 for the increment due.to interference of
the windshield on the wing.- Thus, the effectlive velocity
at the wing might be as much as 2 percent greater than the
stream velocity. The effective Mach number 1s increased
by approximately the same percentage, from 0.688 to 0.702,
or otherwise the apparent crltical speed of the wing is
lowered by this amount. The-windshield interference will,
of course, affect the wing over only a limited regilon;

but the resulting drag increase when tne critical speed

of the wing 1s reached locally in this reglon will be of
the same order of magnitude as the increase that would
have been experienced had the critical speed of the wind-
shield itself been attalined.

Tne methods herein presented for estimating the ef-
fect of interterence are based on smooth flow. If sepa-
raticn Jecurs, tha effect of interference cannct be de-
termined.
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_ . TABLE r
ORDINATES FOR WINDSHIELD NOSE AND TAIL PIECES
[An mdw‘df? In inches . ris the rodius of the circamscribed circle]

N-2 N-3 N-4
X | r X | r x| r
023073 0.34 0.73 0.44]0.73
45| 0| .68 1.0 88| 1.10
50 |165| - 1.35| 1.65 .75 1.65
1.80 | 2.35 271|235 350|235
361 |31 541 |3.1 | 200 | 3.11
541 |3.43 8.2 |3.43 M50 | 343
7.00 |3.50 10.50 |3.50 1359 |3.50
7- T-2 T-3
x| r x| r Xx]r
0 [350 0 |350 0 |3.50
/.28 |3.40 2.56 | 3.40 391 |3.40
242 (3.1 485 3./ 741 | 3.11
357 |2.57 7.13 | 2.57 1091 | 2,57
2.7/ 180 942 | 1.80 1441 | 1.80
5.27 /.38 1053 | 1.38 16.01 11,38
586 | 93 1171 | 93 1791 | 93
641 | 47 1282 | 47 19.61 | .47
700 |0 1400 |0 21410

T-4
X | r

0 |3.66
391|355
741|325
1091 | 2.69
144| | 188
1641 1.44
1791 o7
1861 | 45
2141 |o
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(a) Orifice line 1

(b) Orifice line 2
Figure 32.- Pressure distribution about the X-2 windshield
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(¢) Orifice line 3

(d) Orifice line 4
for various angles of attack. M, 0,192,

(e) Orifice line 5

(f) Orifice line 6
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